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ABSTRACT 
The excretion of a recombinant enzyme into culture medium presents 
significant advantages over cytoplasmic expression. However, cell lysis is one ofthe 
major drawbacks during the excretion of recombinant enzyme when using 
Escherichia coli (E. coli) as a host. Cell immobilization is a promising solution for 
the enhancement of enzyme excretion with reduction of cell lysis. In the present 
study, a recombinant E. coli was immobilized using hollow fiber membrane to 
improve the enzyme excr~tion, cell viability and plasmid stability. The effects of 
different polymers of hollow fiber membrane and culture conditions on the 
cyclodextrin glucanotransferase (CGTase) excretion, cell lysis and plasmid stability 
of immobilized E. coli were investigated. The immobilized cells on a polyvinylidene 
fluoride polymer exhibited a 2.0-4.5-fold increase in the CGTase excretion with 18-
95% reduction of cell lysis and over 100% increment of plasmid stability compared 
to the free cells. The CGTase excretion was successfully optimized by response 
surface methodology. Under the optimized conditions [25 °C of post- induction 
temperature, 0.011 mM isopropyl P-D-1-thiogalactopyronoside and pH 8.8], the 
CGTase excretion was 3.8-fold higher with 80% reduction of cell lysis compared to 
the value before optimization process. The use of low tryptone concentration (5 g/1) 
reduced the occurrence of cell lysis (90% reduction) and increased the plasmid 
stability (86% increment) without significant change in CGTase excretion in 
comparison with initial tryptone concentration (20 g/1). This approach (5 g/1) 
produced an approximately two times higher CGTase excretion (compared with 20 
g/1 during) recycle process. The membrane bioreactor also showed 2.5-fold increase 
in the CGTase excretion (473 x 103 U/ml) with 75% reduction of cell lysis compared 
to shake flask culture (190 x 103 U/ml of CGTase activity). Hence, the 
immobilization of E. coli on hollow fiber membrane proved to be valuable for the 
excretion of recombinant proteins in E. coli with high cell stability. 
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ABSTRAK 
Perembesan enzim rekombinan ke dalam media kultur adalah pendekatan 
yang lebih baik berbanding pengungkapan sitoplasmik. Walau bagaimanapun, lisis 
sel adalah salah satu masalah utama dalam perembesan enzim rekombinan apabila 
menggunakan Escherichia coli (E. coli) sebagai perumah. Imobilisasi sel adalah 
penyelesaian yang baik untuk peningkatan perembesan enzim dengan pengurangan 
kadar lisis sel. Dalam kajian ini, E. coli rekombinan telah diimobilisasikan 
menggunakan polimer membran gentian berongga bertujuan untuk meningkatkan 
perembesan enzim, bilangan sel hidup dan kestabilan plasmid. Kesan polimer 
membran gentian berongga yang berbeza dan keadaan pertumbuhan untuk 
perembesan siklodekstrin glukanotransferase (CGTase), kadar lisis sel dan kestabilan 
plasmid bagi sel imobilisasi telah dikaji. Sel imobilisasi pada poliviniliden fluorida 
polimer mempamerkan 2.0-4.5 kali ganda peningkatan dalam perembesan CGTase 
dengan 18-95% pengurangan kadar lisis sel dan peningkatan kestabilan plasmid 
melebihi 100% berbanding dengan sel be bas. Perembesan CGTase berjaya 
dioptimakan dengan menggunakan kaedah gerak balas permukaan. Dengan 
menggunakan keadaan optimum [25 oc suhu induksi, 0.011 mM isopropil ~-D-1-
thiogalaktopiranosida dan pH 8.8], perembesan CGTase adalah 3.8 kali ganda tinggi 
dengan pengurangan kadar lisis sel sebanyak 80% berbanding dengan nilai sebelum 
proses pengoptimuman. Penggunaan kepekatan tripton yang rendah (5 g/1) 
mengurangkan kadar lisis sel dengan 90% pengurangan dan meningkatkan kestabilan 
plasmid (86% peningkatan) tanpa perubahan perembesan CGTase yang ketara 
berbanding dengan kepekatan tripton yang asal (20 g/1). Pendekatan ini (5 g/1) 
membuktikan penghasilan perembesan CGTase dengan kira-kira dua kali ganda 
berbanding . 20 g/1 sepanjang proses berulang. Bioreaktor membran ~'li'ga 
menunjukkan peningkatan perembesan CGTase (473 x 103 U/ml) sebanyak 2.5 kali 
ganda dengan pengurangan lisis sel sebanyak 75% berbanding kelalang kon (190 x 
103 U/ml aktiviti CGTase). Oleh itu, sel E. coli imobilisasi pada membran gentian 
berongga berguna untuk tujuan perembesan protein rekombinan dengan kadar sel 
hidup yang tinggi. 
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conditions for immobilized and free cell were as follows: 
0.01 mM IPTG, 30 °C, 24h of post induction time and 
200 rpm of agitation rate. The medium pH used for 
free cell was pH 9. The buffer solutions of different 
pHs were phosphate-citrate buffer (pH 5 and pH 6), 
Sorensen's phosphate buffer (pH 7 and pH 8) and 
glycine-NaOH buffer (pH 9 and pH 1 0). The high 
plasmid stability was obtained at alkaline condition 119 
4.29 Effect of medium pH on cell concentration of 
immobilized (on PVDF polymer) and free cell. The 
expression medium used was SOB. The expression 
conditions for immobilized and free cell were as 
follows: 0.01 mM IPTG, 30°C, 24 h ofpostinduction 
time and 200 rpm of agitation rate. The medium 
pH used for free cell was pH 9. The buffer solutions 
ofdifferent pHs were phosphate-citrate buffer (pl-1 5 
and pH 6), Sorensen's phosphate buffer (pH 7 and pH8) 
and glycine-NaOH buffer (pH 9 and pH 10) 120 
4.30 Response surface plot ofCGTase excretion: 
concentration of IPTG vs. pH with constant level 
of post induction temperature (25°C). The CGTase 
activity of immobilized cell was measured after 24 h 
of post induction time. The optimum pH and IPTG 
for the highest CGTase excretion of immobilized cell 
were pH9 and 0.01 mM, respectively 134 
4.31 Response surface plot of CGTase excretion: post 
induction temperature vs. pH with constant level of 
IPTG concentration (0.01 mM). The CGTase activity 
of immobilized cell was measured after 24 h of post 
induction time. The optimum post induction temperature 
and pH for the highest CGTase excretion of immobilized 
cell were 25 °C and pH 9, respectively 
4.32 Response slirface plot of ~~galactosidase activity: 
IPTG vs. post induction temperature with the constant 
level of pH (pH9). The ~-galactosidase activity of 
immobilized cell was measured after 24 h of post 
induction time. The optimum IPTG and post 
induction temperature for the lowest occurrence 
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of cell lysis were 0.005 mM and 22°C, respectively 137 
4.33 Response sUrface plot of ~-galactosidase activity: 
post induction temperature vs. pH with constant 
level ofiPTG (0.01 mM). The ~~galactosidase 
activity of immobilized cell was measured after 
24 h of post induction time. The optimum post 
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induction temperature and pH for the lowest occurrence 
of cell lysis were 22°C and pH 9, respectively 138 
4.34 Effect of tryptone concentration on enzyme activity 
of immobilized cell. The polymer membrane used 
was PVDF. The expression was conducted using 
the optimized cultural conditions (25 °C, 0.011 mM 
IPTG and pH 8.8). The enzyme activity was measured 
after 24 h of post induction time. The tryptone 
concentration of 20 g/1 was used as a control. The high 
CGTase excretion with low occurrence of cell lysis 
was observed at5 g/loftryptone 143 
4.35 Effect of tryptone concentration on the plasmid 
stability of immobilized celL The polymer membrane 
usedwas.PVDF. The expression was conducted 
using optimized cultural conditions(25 °C, 0.011 
mM IPTG and pH 8.8). The plasmid stability was 
measured after 24 h of post induction time. The 
tryptone concentration of 20 g/1 was used as a control. 
High plasmid stability was obtained at low tryptone 
concentration 144 
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used was PVDF. The expression was conducted 
using optimized cultural conditions (25 °C, 0.011 
mM IPTG and pH 8.8). The cell concentration was 
measured after 24 h ofpost induction time. The 
tryptone concentration of 20 g/1 was used as a control. 
The cell concentration of the immobilized cell increased 
as the tryptone concentration increased 145 
4.37 The effect of tryptone concentration on 'enzyme 
activity of immobilized (on PVDF polymer) andfree 
cell using different concentrations of tryptone, 20 g/1 
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and 5 g/1. Tryptone concentration of 20 g/1 was used 
as a control. The expression was conducted using the 
optimized cultural conditions (25 oc~ 0.011 inM IPTG 
and pH 8.8). The enzyme activity was measured at 
selected time interval 147 
4.38 The effect of tryptone concentration on plasmid 
stability of immobilized (on PVDF polymer) and free 
cell using different concentrations of tryptone, 20 g/1 
and 5 g/1. Tryptone concentration of 20 g/1 was used as 
a control. The. expression was conducted using the 
optimized cultural conditions (25 oc, 0. 011 mM IPTG 
and pH 8.8). The plasmid stability was measured at 
selected time interval 148 
4.39 The effect of tryptone concentration on ~-galactosidase 
activity (cell lysis indicator) of iminobilized (on PVDF 
polymer) and free cell using different concentrations of 
tryptone, 20 g/1 and 5 g/L The concentration of 20 g/1 
was used as a controL The expression was conducted 
using the optimized cultural conditions (25 °C, 0.011 
mM IPTG and pH 8.8). The ~-galactosidase activity 
was measured at selected time interval 149 
4.40 The structure of the immobilized cell in medium 
containing 20 g/1 of tryptone. The polymer membrane 
used was PVDF. The expression conditions were 
25 °C ofpostinduction temperature, 0.011 mM IPTG 
and pH 8.8. The picture shows more cells were 
ruptured and lysed 150 
4.41 The structure of the immobilized cell in medium 
containing 5 g/1 oftryptone. The polymer membrane 
used was PVDF. The expression conditions were 
25 °C of post induction temperature, 0.011 inM IPTG 
and pH 8,8. The picture shows the cells were not ruptured 151 
4.42 · (A) The effect oftryptone concentration on cell 
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concentration of immobilized (on PVDF polymer) 
and free cell using different concentration of tryptone, 
20 g/1 and 5 g/1; (B) The enlarged scalefor cell. 
concentration of the free cell from (A) .. The concentration 
of 20 g/1 tryptone was used as a controL The expression 
. was conducted using the optimized cultural conditions 
(25 °C, 0.011 mM IPTG and pH 8.8). The cell 
concentration of immobilized and free cell was 
measured at selected time interval 
Growth kinetics of the immobilized cell using 
medium containing 20 g/1 of tryptone. The cell was 
immobilized on PVDF polymer. The growthconditions 
for the immobilized cell were 25°C, 0.011 mM IPTG 
and pH 8.8. The slope ofthe graph (0.019) represents 
the value of llmax for the immobilized cell 
Growth kinetics of the immobilized cell using medium 
containing 5 g/1 of tryptone. The cell was immobilized 
on PVDF polymer. The growth conditions for the 
immobilized cell were 25 °C,.0.011 mM IPTG and 
pH 8.8. The slope of the graph (0.012) represents the 
value of llmax for the immobilized cell 
Growth kinetics of the free cell using medium 
containing 20 g/1 of tryptone. The growth conditions 
for the free cell were 25 °C, 0.011 mM IPTG and 
pH 8.8. The slope ofthe graph (0.168) represents the 
value of llmax for the free cell 
Growth kinetics of the free cell using medium 
containing 5 g/1 of tryptone. The growth conditions 
for the free cell were 25 °C, 0.011 mM IPTG and pH 8.8. 
The slope of the graph (0.132) represents the value 
of llmax for the free cell 
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4.47 Kinetics for product formation (CGTase excretion) 
of immobilized cell using medium containing 20 g/1 
oftryptone. The polymer membraneused was PVDF. 
The growth conditions for the immobilized cell were 
25 °C, 0.011 mM IPTG and pH 8.8. The slope of the 
graph (29,02) represents the value of a for the 
immobilized cell 162 
4.48 Kinetics for product formation (CGTase excretion) of 
immobilized cell using medium containing 5 g/1 of 
tryptone. The polymer membrane used was PVDF. 
The growth conditions for the immobilized cell were 
25 °C, 0.011 mM IPTG and pH 8.8. The slope of the 
graph (33 .15) represents the value of a for the 
immobilized cell 163 
4.49 Kinetics for product foimation of free cell using 
medium containing 20 g/1 of tryptone. The growth 
conditions for the free cell were 25 °C, 0.011 mM 
IPTG and pH 8.8. The slope of the graphs (2.974) 
represents the value of a for the free cell 164 
4.50 Kinetics for product formation of free cell using 
medium containing 5 g/1 of tryptone. The growth 
conditions for the free cell were 25 °C, 0.011 mM 
IPTG and pH 8.8. The slope of the graph ( 4.178) 
represents the value of a for the free cell 165 
4.51 Effect of cross-linkers (GA, PLL and PEl) concentration 
on CGTase excretion of the immobilized cell. The 
polymer membrane used was PVDF. The expression 
of immobilized cell using treated membrane was 
conducted at 25 °C, 0.011 mM IPTG and pH 8.8. The 
enzyme activity was measured after 24 h of post 
induction time 168 
4.52 Effect of cross-linkers (GA, PLL and PEl) concentration 
on ~-galactosidase activity (indicator of cell lysis) of the 
immobilized celL The polymer membrane used was 
PVDF. The expression of immobilized cell using 
treated membrane was conducted at 25 °C, 0.011 mM 
IPTG and pH 8.8. The enzyme activity was measured 
after 24 h of post induction time 
4.53 Comparison of CGTase excretion between immobilized 
cell (on non-treated membrane and treated membrane) 
and free cell by repeated fermentation in medium 
containing 20 g/1 of tryptone. The hollow fiber membrane 
was treated with 0.3% of glutaraldehyde, poly-L-lysine 
and polyethylenimine. The non-treated hollow fiber 
membrane was used as a control. The conditions for 
expression were 0.011 mM IPTG, 25 °C and pH 8.8. 
Enzyme activity was measured for. every cycle (24 h of 
post induction time) until 7 cycles 
4.54 Comparison of CGTase excretion between irtlmobilized 
cell(on non-treated membrane and treated membrane) 
and free cell by repeated fermentation in medium 
containing 5 g/1 of tryptone. The hollow fiber membrane 
was treated with 0.3% of glutaraldehyde, poly-L-lysine 
and polyethylenimine. The non-treated hollow fiber 
membrane was used as control. The conditions for 
growth and expression were 0.011 mM IPTG, 25 °C 
and pH 8.8. Enzyme activity was measured for every 
cycle (24 h of post induction time) until 7 cycles 
4.55 Comparison of cell lysis between immobilized cell 
(on non-treated membrane and treated membrane) 
and free cell by repeated fermentation in medium 
containing 20 g/1 of tryptone. The hollow fiber 
membrane was treated with 0.3% of glutaraldehyde, 
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poly-L-lysine and polyethylenimine. The non-treated 
hollow fiber membrane was used as a control. The 
conditions for expression were 0.011 mM IPTG, 25 °C 
and pH 8.8. Enzyme activity was measured for 
every cycle (24h of post induction time) until 7 cycles 176 
4.56 Comparison ofcelllysis betweenimmobilized 
cell (on non":'treated membrane and treated membrane) 
and free cell by repeated fermentation in medium 
containing 5 g/1 of tryptone. The hollow fiber membrane 
\ 
was treated with 0.3% of glutaraldehyde, poly-L-lysine 
and polyethylenimine. The non~ treated hollow fiber 
membrane was used as a controL The conditions for 
expression were 0.011 mM IPTG, 25 °C and pH 8.8. 
Enzyme activity was measured for every cycle (24 h 
of post induction time) until 7. cycles 177 
4.57 Profiles of the immobilized and free cell on CGTase 
excretion in the membrane bioreactor, The expression 
was conducted using the optimized conditions (0.011 
mM IPTG, 25 oc and pH 8.8). The CGTase activity . 
was measured at selected time interval 185 
4.58 Profiles of the immobilized and free cell on cell lysis 
in the membrane bioreactor. The expression was 
conducted using the optimized conditions (0.011 mM 
IPTG, 25 oc and pH 8.8). The ~-galactosidase activity 
was measured at selected time interval 186 
4.59 Growth kinetics of the immobilized cell in the 
membrane bioreactor. The cell was immobilized on 
PVDF polymer. The growth conditions of immobilized 
cell were 25 °C, 0.011 mMIPTG and pH8.8. The 
slope of the graph (0.012)represents the value of flmax 
for the immobilized cell 189 
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4.60 Growth kinetics of the free cell in the membrane 
bioreactor. The growth conditions of free cell were 
25 °C, 0.011 mM IPTG and pH 8.8. The slope ofthe 
graph (0.149) represents the value of!lmax for the free cell 190 
4.61 Kinetics for product formation (CGTase excretion) 
of immobilized cell in the membrane bioreactor. The 
polymer membrane·used was PVDF. The growth 
conditions of immobilized cell were 25 °C, 0.011 mM 
IPTG and pH 8.8.The slope ofthe graph(L317) 
represents the value of a for the immobilized cell 192 
4.62 Kinetics for product formation (CGTase excretion) 
of free cell in the membrane bioreactor. The growth 
conditions of free cell were 25 °C, 0.011 mM.IPTG 
and pH 8.8. The slope ofthe graph (0.004) represents 
the value of a for the free cell 193 
4.63 Comparison of CGTase excretion between immobilized 
and free cell by repeated fermentation in the membrane 
bioreactor. The conditions for expression were 0.011 
mM IPTG, 25°C and pH 8.8. Enzyme activity was 
measured for every cycle (24 h of post induction time) 
'l, 
until 7 cycles 195 
4.64 Comparison of cell lysis between immobilized and 
free cell by repeated fermentation in the membrane 
bioreactor. The conditions for expression were 0.011 
mM IPTG, 25°C and pH 8.8. Enzyme activity was 
measured for every cycle (24 h of post induction time) 
until 7 cycles 196 
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